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The Facts about the 
Hydrogen Bomb 
> 


Mr. Brown: Recently President Truman ordered that work proceed 
at full speed on the development of the hydrogen bomb. Since the 
President’s announcement, there have been many statements in the 
press concerning this possible new instrument of destruction. How 
much of that discussion has been correct and how much of it has been 
incorrect? What does the hydrogen bomb mean? Does it increase the 
danger of war, or will the hydrogen bomb force both sides to come to 
an agreement ?* 

Clearly to answer these questions one must first understand what the 
hydrogen bomb really is. We are fortunate in having with us today three 
men who played prominent roles in the development of ordinary atomic 
bombs: Hans Bethe, professor of physics at Cornell University. During 
the war Professor Bethe was director of theoretical physics at the Los 
Alamos Laboratories. He is noted for having discovered the mechanism 
of energy liberation in the sun. Frederick Seitz, research professor of 
physics at the University of Illinois. During the war Professor Seitz was 
head of the physics department at the Carnegie Institute of Technology, 
and he contributed to the success of the plutonium project both at the 
University of Chicago and at Oak Ridge, Tennessee. During 1946 and 


1 Professor Albert Einstein, in a statement made on February 12, 1950, said, in 
part: “The armament race between the U.S.A. and the U.S.S.R., originally sup- 
posed to be a preventive measure, assumes hysterical character. On both sides, the 
means to mass destruction are perfected with feverish haste—behind the respective 
walls of secrecy. The H-bomb appears on the public horizon as a probably attain- 
able goal. Its accelerated development has been solemnly proclaimed by the 
President. 

“If successful, radioactive poisoning of the atmosphere, and hence annihilation 
of any life on earth, has been brought within the range of technical possibilities. 
The ghostlike character of this development lies in its apparently compulsory trend. 
Every step appears as the unavoidable consequence of the preceding one. In the end 
there beckons more and more clearly general annihilation” (New York Times, 
February. 13, 1950). 
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1947 he was director of the Oak Ridge Atomic Energy Training Pro- 
gram. Leo Szilard, professor of biophysics at the University of Chicago. 
Professor Szilard was a pioneer in nuclear physics. He was one of the 
first discoverers of the neutron emission of uranium which makes the 
chain reaction possible. In 1939 he was instrumental in getting the 
American government to take on the responsibility for the wartime 
atomic-energy development. 

Szilard, you were interested and thought it would be a good idea to 
have a Rounp Taste discussion on this particular issue. Why? 


Mr. Szitarp: The President stated that we are going to make hydro- 
gen bombs, but he did not explain what hydrogen bombs mean. There 
were many statements in newspapers before the announcement of the 
President and after his announcement. Many of the statements were 
correct, and many of them were false. I believe that it is important for 
the American people to know what a hydrogen bomb means and to have 
the correct information about these bombs. 


Mr. Brown: Seitz, how do you feel about this? 


Mr. Seitz: We ought to take this matter very seriously—as seriously 
as we took any factor into account in 1939 and 1940. It will have a great 
effect upon our military position in the coming years. 


Mr. Brown: What would be the effect of not talking about the H- 
bomb now, Bethe? 


Mk. Betue: I was against talking about the H-bomb before the deci- 
sion to make it was made, because, in this way, I think that we unneces. 
sarily gave the Russians some information—the information that we 
consider it feasible and the information that we are making it. This, 
more or less, forces them to do the same. 


Mr. Brown: You were against the discussion then. Why are you in 
favor of it now? 


Mk. Berne: Now that this has already been announced, I think that the 
main thing is to bring before the public all the relevant factors which are 
necessary to form an enlightened policy on this matter. 


Mr. Brown: On the other hand, you hear people saying, “Why shoulc 
we worry about something which does not exist ?” 


) 
J 
| 


THE UNIVERSITY OF CHICAGO ROUND TABLE y 3 


Mr. Berne: I believe that the time to discuss this bomb is now. If we 
do not discuss it now, then thoughts about it will become frozen in our 
government and especially in our military department. This has been 
the case with the A-bomb. The A-bomb could now hardly be eliminated 
from our armaments, because most of our strategic plans are based upon 
it. I would not like to see the same happen to the H-bomb. 


Mr. Brown: The general discussion of the H-bomb centers around its 


being a weapon—a weapon which possesses a great deal of potential de- 


struction. Could we start off this discussion by asking of what the hydro- 
gen bomb is made anyway? 


Mk. Serrz: I suppose that everyone knows by this time that it is made 
of heavy hydrogen, which is used in cooperation with an ordinary 


A-bomb. 


Mr. Berne: I want to say a few words on how long it perhaps will 
take to make this weapon. It has not been made. It has not even been 
conceived definitely how it will be made. And, connected with this, are 
all the uncertainties which you always have in a research development. 
You never know what will come out of it; and, in this particular case, we 
cannot predict whether the bomb can be made or not. 

On the other hand, on the basis of the decision which has been made, 


we must conclude that our experts believe that it is probable that we can 


make this bomb. Even so, I think that we must be prepared to expect that 
it will take several years before the bomb has been completed. 


Mr. Brown: What about the size of the H-bomb? One sees figures, 
varying all the way from two to a thousand times the explosive violence 
of ordinary atomic bombs. Is there really any limit to the explosive vio- 


lence which could be obtained, assuming, of course, that it works in the 


first place? 

Mr. Sertz: In the testing stages it is very likely that, while we are 
trying to find out whether or not it will work, the bomb will not differ a 
great deal from the ordinary A-bomb. But since the intention is to build 
something a lot bigger, I think that it is clear that this will be true only in 
the early stages. 


Mr. Berne: That is certainly right. If we use the bomb in war—if 
anyone uses the bomb in war—then the bomb will certainly be very 
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large. If you can initiate an H-bomb at all, then you probably can initiate 
just as easily a big one as a small one. How big it is will depend only 
upon the amount of heavy hydrogen which you can carry in a plane or 
in any other device which you may use to deliver the bomb. We can 
assume, I think, that it is certain that a bomb used in war will be at least | 
a hundred times as big as the present atomic bomb. The figure of a 
thousand had been used, and I use it for the sake of argument. 

What would it mean if you had a bomb which is a thousand times 
more powerful than the present atomic bomb? This would mean that 
the range of blast destruction would increase tenfold—that a hundred 
times the area would be destroyed as by an atomic bomb. If a bomb were 
exploded at some place, then ten miles away from it there would be 
almost complete destruction. That would mean that a city as big as New 
York, the biggest cities on earth, could be destroyed by one single bomb. 


Mr. Brown: When you say New York, of course, you mean the 
greater New York area. 


Mr. Berue: I certainly mean that. 


Mr. Brown: Something in the neighborhood of three hundred square 
miles or so probably? 


Mr. Betue: Yes. And this, I think, is not all. 


Mr. Seitz: There is one factor which I would like to add which con- 
cerns itself with flash burn. It is generally known that about 30 per cent 
of the casualties at Hiroshima resulted from flash. The flash extended 
out to about two-thirds of a mile. Now, the indications are that the flash 
effect would be at least thirty times larger in the H-bomb. That means 
that the flash effect would extend out to twenty miles, so that people 
would suffer severe flash burn at that distance. 


Mr. Brown: We have the possibility of constructing a weapon which 
is, let us say, of the order of a thousand times the destructiveness of the 
Hiroshima bomb, or thereabouts. What about the cost of this weapon? 
Will it be fantastically expensive, or will it be relatively inexpensive? 


Mr. Szizarp: It is a mistake, I believe, to talk about the cost of the 
weapon. If we are building H-bombs and if the arms race is on, what 
will cost us most is not making H-bombs but rather the defense 
measures which we will be forced to take. Our coastal cities are highly 
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vulnerable against bombs. We cannot have advance fighter bases to de- 
| fend New York or Baltimore or Washington. If we go into this arms 
race at all, it will be lunacy not to take defense measures. In the case of 
' these coastal cities, it means dispersal of the population. 


Mr. Brown: To what extent do you feel that dispersal will have to 
take place? What scale of dispersal are you thinking about? 


Mr. Szirarp: If I try to figure out in terms of dollars what the Presi- 
; dent’s decision means, I would say that within a few years we will be up 
to twenty-five billion dollars as a general defense expenditure—including 
_ fighter planes, fighter bases, radar screen. And for dispersal purposes I 
think that we will spend at least fifteen billion dollars a year. This makes 
a total of forty billion dollars. But when I talk of forty billion dollars per 
year for defense, I assume that we are balancing the budget, because, if 
| we do not balance the budget, we will have inflation, and the figures in 
| dollars will be very much higher. 


Mk. Betue: I am surprised that you are using such a small figure as 
fifteen billion for dispersal. Do you not want to disperse the inland cities, 
too? Is it not likely that they also will be attacked by planes or, maybe, 
by guided missiles? 


Mr. Brown: It seems reasonable that the inland cities are less vulner- 
_ able due to the possibility of setting up rather elaborate ground-base 
| radar screens and so forth. I certainly agree with Szilard that our coastal 
' cities are far more vulnerable. However, if we do think in terms of dis- 
persing our inland cities, such as Detroit and Chicago, that will add 
enormously to the estimate of the expense which you have already made, 
- Szilard. 


Mk. Szixarp: I was thinking in terms of dispersing within ten years, 

and I did not go beyond fifteen billion dollars, because I think that we 
_ cannot afford to pay more. If we want to disperse all our cities, we would 
_ probably have to spend something like twenty-five billion dollars a year; 
and in ten years we could have very good dispersal. 


Mr. BetHe: How much dispersal would you envisage? Would you 
_ disperse cities of a hundred thousand or not? 


Mr. Brown: Does that not depend mainly upon the types of indus- 
"tries about which we are talking? For example, there are many cities 
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which are relatively small but where one particular industry is enor- 
mously concentrated. In spite of the relatively low population, you 
would probably want to disperse that particular city. 


Mr. Szitarp: I would say that about thirty to sixty million people 
would have to move in a general dispersal; and I would think that, 
before we would do that, we would take care of our coastal cities. This 
other would be a later stage. 


Mg. Betue: It certainly seems hardly to make sense to go into offensive 
H-bomb development without the defensive development to accom- 
pany it. 

Mr. Brown: I wonder whether such a development could actually be 
accomplished. I have the feeling that there would be tremendous resist- 
ance upon the part of our larger industrial manufacturers. Certainly they 
could not be expected to carry on the operations themselves. It would 
have to be done entirely at government expense essentially. Then one 
gets into other factors. Let us suppose that a manufacturer in Pittsburgh 
is moved out to Kansas some place. Will he be able to compete? It seems 
to me that any marked dispersal movement would really cause an enor- 
mous economic upheaval in this country. 


Mr. Szirarp: It certainly would mean planned movement. It would 
mean controls much stricter than we ever had during wartime. It 
would be not a New Deal, but a Super, Super New Deal. 


Mr. Brown: We have been discussing thus far the hydrogen bomb in 
terms of destruction by blast and in terms of delivering it over a target. 
One sees in the press, from time to time, statements concerning de- 
struction by another source—namely, radioactivity. How would you 
look upon that particular danger? Will dispersal actually help if 
H-bombs are used not for blast but for radioactivity? 


Mr. Szixarp: In this case, it will not help at all. 


Mr. Berne: You are certainly right when you emphasize the radio- 
activity. In the H-bomb, neutrons are produced in large numbers. These 
neutrons will go into the air; and in the air they will make radioactive 
carbon 14, which is well known to science. This isotope of carbon has a 
life of five thousand years. So if H-bombs are exploded in some number, 
then the air will be poisoned by this carbon 14 for five thousand years. 
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. It may well be that the number of H-bombs will be so large that this will 
make life impossible. 


| Mr. Szirarp: Yes, that is true, Bethe. But that is not what I had in 
| mind, because it would take a very large number of bombs before life 
/ would be in danger from ordinary H-bombs. 

What I had in mind is this: The H-bomb, as it would be made, would 
} not cause greater radioactivity than that which is due to the carbon; but 
it is very easy to arrange an H-bomb, on purpose, so that it should pro- 
| duce very dangerous radioactivity. Most of the naturally occurring ele- 
| ments become radioactive when they absorb neutrons. All that you have 
|to do is pick a suitable element and arrange it so the element captures 
) other neutrons. Then you have a very dangerous situation. I have made 
) a calculation in this connection. Let us assume that we make a radio- 
| active element which will live for five years and that we just let it go 
}into the air. During the following years it will gradually settle out and 
| cover the whole earth with dust. I have asked myself: How many neu- 
} trons or how much heavy hydrogen do we have to detonate to kill every- 
_ body on earth by this particular method? I come up with about fifty tons 
/of neutrons as being plenty to kill everybody, which means about five 
| hundred tons of heavy hydrogen.” 

Mr. Brown: You mean, Szilard, that if you exploded five hundred 
‘tons of heavy hydrogen and then permitted those neutrons to be ab- 
sorbed by another element to produce a radioactive substance, all people 
on earth could be killed under the circumstances? 


Mk. Szivarp: If this is a long-lived element which gradually settles out, 
as it will in a few years, forming a dust layer on the surface of the earth, 
everyone would be killed. 

Mr. Brown: You would visualize this, then, something like the 
Krakatao explosion, where you would carry out, let us say, one large 
explosion or a series of smaller ones. The dust goes up into the air and, as 
was the case in that particular explosion, it circled the earth for many, 
‘many months, and even years, and gradually settled down upon the 
‘surface of the earth itself? 


Mr. Szrtarp: I agree with you, and you may ask: What is the practical 


2 This is an elementary calculation requiring only information generally avail- 


able to the public (H. B.). 
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importance of this? Who would want to kill everybody on earth? But I 
think that it has some practical importance, because if either Russia or 
America prepare H-bombs—and it does not take a very large number to 
do this and rig it in this manner—you could say that both Russia 
and America can be invincible. Let us suppose that we have a war 
and let us suppose that we are on the point of winning the war against 
Russia, after a struggle which perhaps lasts ten years. The Russians and: 
others can say: “You come no farther. You do not invade Europe, and 
you do not drop ordinary atom bombs on us, or else we will detonate 
our H-bombs and kill everybody.” 

Faced with such a threat, I do not think that we could go forward. I 
think that Russia would be invincible. So, some practical importance is 
attached to this fantastic possibility. 


Mr. Brown: Do you think that any nation would really be willing toe 
kill all people on earth rather than suffer defeat themselves? Would we 
be willing to do it, for example, do you believe? 


Mr. Szitarp: I do not know whether we would be willing to do it, 
and I do not know whether the Russians would be willing to do it. But I 
think that we may threaten to do it, and I think that the Russians might 
threaten to do it. And who will take the risk then not to take that threat 
seriously ? 


Mr. Brown: In connection with the production of radioactivity, we 
have discussed it thus far in terms of killing all people on earth. Can one 
visualize a mechanism by which one produces a radioactivity of, let us 
say, a short lifetime which can then be carried over an area in a more or 
less controlled manner, so that, for example, it would be possible for a 
nation to kill all people in the United States without killing themselves, 
or vice versa? 


Mr. Szitarp: This is a funny question, because this is what the situa- 
tion is. Of course, it takes very many less H-bombs to kill all Russians by 
radioactivity or to kill all Americans by radioactivity than all people. 
But you have to get this radioactivity material to Russia or to America. 
Let us assume that we cannot deliver our H-bombs, because they are too 
heavy (this is something which can easily happen). Then the temptation 
will be great to rely upon the westerly winds to disperse the radioactivity 
over Russia or over America. But whether this is possible or not depends 
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upon the answer to a number of meteorological questions, and that 
answer is not known to anybody. On this question, I would say that we 


_ leaped before we thought when we decided to make H-bombs. 


Mr. Brown: In that particular connection, would you like to express 
any opinion concerning the relative vulnerability of Russia and the 
United States? It would seem to me, offhand, that with our whole West 
Coast exposed to the westerly winds and having the whole Pacific Ocean 
to operate in, if that kind of thing can be done, we are placed at a con- 


' siderable disadvantage, relative to Russia, in that respect because we have 
_ Western Europe to consider. 


Mk. Szivarp: This one factor is in favor of the Russians; but there are 
other factors involved. The whole question of getting radioactive ele- 


_ ments settled over a given territory is difficult. To know whether it is 


possible to rely upon the westerly winds in any given situation is diff- 
cult. The weather conditions change and have to be taken into account. 
It is uncertain, I think, whether this can be done; we will not know for 
a number of years. 


Mr. Brown: But we are agreed that that is certainly a possible use of 
the H-bomb which cannot be ignored. 


Mk. Szirarp: It is not only a possibility but a very serious possibility. 


Mr. Brown: Then we are faced with the ironical conclusion in this 
respect that it becomes easier to kill all people in the world than just a 


part of them. 


Mg. Sziarp: This is definitely so. 


Mr. Brown: How did this question of the discussion of H-bombs start 
in the first place? It seems to me that I remember down in Oak Ridge 
and at the University of Chicago during the war we discussed the possi- 
bilities of thermal-nuclear reactions to a considerable extent. That was 
eight years ago. Scientists have recognized for eight years now that, 
essentially, a hydrogen bomb might be possible. Why has the discussion 
not come up until now? 


Mr. Serrz: The most important factor in causing all the excitement at 
present is the fact that the Russians attained the atomic bomb in Sep- 
tember, 1949. This fact indicated that we no longer had a monopoly and, 
as a result, that we have some reason to be concerned. 
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Mr. Brown: That is connected then with the fact that it requires an 
ordinary atomic bomb to set off an H-bomb? 


Mr. Seitz: That is right. 

Some of the scientists who worked on the project during the war were | 
pretty sure that the Russians would have the bomb about this time; but 
this feeling was not very widespread, and naturally even those scientists 
could not be sure. 


Mr. Brown: Do you not suppose that there was another factor in- 
volved in that—that some scientists themselves sort of had their stom- 
achs full of bomb development during the war and just got away 
from it? 


Mr. Seitz: That was a big factor. There is an interesting situation 
which is occurring at the present time. Scientists have a great many 
viewpoints, rather different, I think, from the situation that we had in 
1939 and 1940 when there was a rather high degree of unanimity of 
viewpoint about working on the atomic bomb. There is one large group 
of scientists who feel that the most significant fact about the existing situ- 
ation is that in 1945 the United States and England reduced their arms 
budgets by a factor of about ten. Essentially we became disarmed. Rus- 
sia, in contrast, has continued her armament at the wartime level and 
seems to be devoting major effort to it—I would guess with tremendous 
effect judging from the speed with which they developed the A-bomb. 
Probably they are working three times faster than we are. There is a 
great danger, if this continues, that we shall fall into an inferior military 
position and lose our bargaining power. In order to circumvent this, 
this group of scientists of which I speak feels that we are going to have 
to speed up our military development. The H-bomb is one aspect of this. 
This group in the main feels that the H-bomb is not the entire situation. 
There are other things which have to be kept in mind which are every 
bit as important. For example, there is the problem to which Szilard 
referred of delivering the bomb. We have to know whether we can de- 
liver the things which we make. I would say that the whole program of 
military development should be considered as one coordinated unit. 
Then there is another important point. I would say that all scientists feel 
that our primary goal should be peace and that any reactivation of mili- 
tary affairs which occurs now should be carried out as a tool to achieve 
peace through negotiation. 
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Mr. Szitarp: It would be easy for scientists to agree that it is important 
to improve our bargaining power; but what disturbs many scientists I 
now is that we do not see what we are bargaining for. 


_ Mr. Brown: A few days ago, Bethe, I noticed in the paper a statement 
‘signed by you and eleven other scientists to the effect that the United 
States government should make a statement pledging us not to use the 
H-bomb first. Could you tell us a little bit about your considerations 
which went into that statement? 


/ 


Mk. Berne: I certainly would like to. It was our belief that the main 
reason for us—perhaps the only reason for us—upon which it is valid to 
make the H-bomb is to keep our bargaining position and not to be con- 
fronted, one day, with an ultimatum from Russia that they have the 
H-bomb and can destroy us. If this is our only reason, then we thought 
that we would never use this bomb in an offensive war. Then we could 
contribute a great deal by stating this reason openly—by stating openly 
'that we would not be the first to use the bomb in war.’ 


3 At a recent meeting of the Physical Society in New York, twelve of the coun- 
try’s leading physicists issued a statement calling for a pledge by this nation that 
it would not use the hydrogen bomb first. This statement said, in part: 


“A few days ago, President Truman decided that this country should go ahead 
with the construction of a hydrogen bomb. 

“This decision was one of the utmost gravity. Few of the men who publicly 
urged the President to make this decision can have realized its full import. Among 
the reports in the press was a great deal of misinformation. However, it was stated 
correctly that a hydrogen bomb, if it can be made, would be capable of developing 
a power 1,000 times greater than the present atomic bomb. New York, or any other 
of the greatest cities of the world, could be destroyed by a single hydrogen bomb. 

“We believe that no nation has the right to use such a bomb, no matter how 
righteous its cause. This bomb is no longer a weapon of war but a means of exter- 
mination of whole populations. Its use would be a betrayal of all standards of 
morality and of Christian civilization itself. ... 

“Statements in the press have given the power of the H-bomb as between 2 and 
1,000 times that of the present fission bomb. Actually the thermonuclear reaction, on 
which the H-bomb is based, is limited in its power only by the amount of hydrogen 
which can be carried in the bomb. Even if the power were limited to 1,000 times 
that of a present atomic bomb, the step from an A-bomb to an H-bomb would be 
as great as that from an ordinary TNT bomb to the atom bomb. . . . We urge that 
the United States, through its elected government, make a solemn declaration that 
we shall never use this bomb first. The circumstance which might force us to use it 
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Mr. Szizarp: I read the statement, and I was really more impressed by 
the sentiment in it than by its logic. I think that what was behind the: 
statement is a general uneasiness which I notice in many scientists.. 
In 1939 when we tried to persuade the government to take up the de-. 
velopment of atomic energy, American public opinion was undivided on| 
the issue that it is morally wrong and reprehensible to bomb cities and 
to kill women and children. During the war, almost imperceptibly, we 
started to use giant gasoline bombs against Japan, killing millions of 
women and children; finally we used the A-bomb. I believe that there is 
a general uneasiness among the scientists. It is easy for them to agree 
that we cannot trust Russia, but they also ask themselves: To what ex- 
tent can we trust ourselves? 


Mg. Berne: This is quite right, and one of the reasons which we had 
for our statement was to prevent the military of either country, either 
Russia or the United States, to start a war with the hydrogen bomb, just 
in order to be the first. 


Mr. Brown: We are in agreement that if the hydrogen bomb works, 
world-wide destruction on an unprecedented scale will be possible. First, 
entire cities of the size of New York, Chicago, and London could be 
destroyed by the blast effect. But, far more important, radioactivity could 
be produced and could be scattered over the countryside in such a way 
that all life on earth, or at least most life on earth, could be destroyed. 

The second point of importance is that the cost of such a hydrogen 
bomb will not be only the cost of the bomb itself but the fantastic cost 
involved in carrying out a proper dispersal program which will permit 
us at least to have more security than we would have without dispersal. 


would be if we or our allies were attacked by this bomb. There can be only one justi- 
fication for our development of the hydrogen bomb, and that is to prevent its use. 

“[Signed:] S. K. Atttson, Director of Institute for Nuclear Studies, University 
of Chicago; K. T. Barnsrincg, Harvard University; H. S. Berne, Cornell Univer- 
sity; R. B. Bropg, University of California; C. C. Lauritsen, Director of Kellogg 
Radiation Laboratory, California Institute of Technology; F. W. Loomis, Chair. 
man of Physics Department, University of Illinois; G. B. Pecram, Dean of Gradu- 
ate Faculties, Columbia University; B. Rosst, Massachusetts Institute of Technology: 
F. Seitz, University of Illinois; M. A. Tuve, Director, Department of Terrestrial 
Magnetism, Carnegie Institution, Washington, D.C.; V. F. Wetsskopr, Massa 
chusetts Institute of Technology; M. G. Wurrg, Princeton University.” 


THE SUPER BOMB 
By HANS THIRRING 


[The following description of a thermonuclear bomb was writ- 
ten by a distinguished Austrian physicist and was published in 
Vienna, Austria, in 1946, during military occupation by the United 
States. This article is one chapter of his book on the atomic bomb.|* 


KIT IS natural to think of the possibility of using fissionable materials, 
}such as U-235 or plutonium, which are difficult to prepare and will never 
ibe available in large quantities, as detonators to start other nuclear 
} processes in more abundant materials. 

| Ever since Cockcroft and Walton succeeded in producing nuclear 
‘transformations by fast ions, scientists have been measuring minimum 
yenergies required to initiate various nuclear processes. In the earliest 
experiments on the distintegration of nuclei, the ammunition used were 
alpha particles with an energy of several million electron volts. Experi- 
ments with electrical atom-smashing machines, first employed by Cock- 
croft and Walton, have revealed that protons with an energy of only a 
#few hundred thousand electron volts were sufficient to initiate certain 
nuclear processes. Furthermore, it is clear that the initiation of nuclear 
} processes by collisions depends only on the mass and energy of the col- 
Jiding particles, and not on the way in which the energy was communi- 
.cated to them. If, therefore, it should be possible to create somewhere in 
a mass of matter, a temperature high enough for the thermal energy of 
ithe atoms to become equal to, or greater than, the energy required for 
| the initiation of a certain nuclear process, it must be possible, at least in 
! principle, to initiate this process in a purely thermal manner, by a kind 
#of “ignition” mechanism. 

' If, furthermore, the process, started in this way, should proceed so 
fast and develop so much energy that the temperature should continue to 
}rise, a thermal “chain reaction” would become possible, with the nuclear 
‘transformation spreading like an explosion over the whole available 
amount of the material. 

* This translation of the article is reprinted by permission of the Bulletin of the Atomic 


Scientists (Hans Thirring, Die Geschichte der Atombombe [Vienna: Neues Oesterreich 
Zeitungs-und-Verlagsgesellschaft, 1946]). 
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The difficulty of this idea, which appears so simple, lies in the fact that 
all temperatures that could be reached under the previously available 
terrestrial conditions were many orders of magnitude smaller than the 
lowest known threshold of energy required for initiation of a nuclear 
reaction. In order to raise the average kinetic energy of a gas molecule to 
a value as low as one electron volt, it would be necessary to heat the gas 
to a temperature as high as 7,700 degrees on the absolute scale, a temper- 
ature higher than that of the surface of the sun. An average energy of 
one million electron volts could be reached only at a temperature of 7.7 
billion degrees! 

Before the discovery of nuclear fission and of the nuclear chain reac- 
tion, no one could envisage the possibility of creating such temperatures. 
A detonating atomic bomb creates, however, extreme conditions. In the 
moment of the explosion, billions and billions of atoms of fission prod- 
ucts are created, which fly apart with energies of the order of 100 million 
electron volts. If these fission nuclei strike other atomic nuclei on their 
path—for example, the nuclei of a tamper material—they might be able 
to enter into nuclear reaction with them, or to transfer so much energy to 
the collision partners that these themselves become projectiles of high 
energy, able, in their turn, to produce nuclear reactions. Let us consider 
a concrete example: 


We assume that the detonator is plutonium in an atomic bomb, and 
that it is surrounded by a substance which contains deuterium, such as 
heavy water or heavy paraffin. Outside this first sheath we can imagine 
the presence of a second one, made of heavy material which acts as a 
tamper to prevent the bomb from flying apart too soon. In the moment 
of explosion the plutonium will emit fission products with energies of 
the order of 100 million electron volts. These will undergo collisions with 
the deuterons in heavy water and transmit part of their energy to the 
latter. The energy acquired in this way by the deuterons is, it is true, 
only a small fraction (not more than 4 per cent) of the energy of the 
original fission products. Nevertheless, this energy may be high enough 
to permit the accelerated deuteron to undergo a so-called “dd-reaction” 
with another deuteron, which it might encounter on its path. This reac- 
tion will convert two deuterons, each with mass 2 and atomic number 1, 
into a helium isotope (helium 3) with mass 3 and atomic number 2, and 
a neutron with mass 1 and atomic number 0. Measurements made in 
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) America have established that for this reaction to occur, the collision 
> energy need not be higher than 1/10 mega electron volt (one megavolt is 
a million volt). The energy released in this reaction, which must ap- 
¥ pear as the kinetic energy of the two products—the neutron and the 
? helium nucleus—is as high as 3.3 million electron volts. It is true that the 
} fact alone that the energy liberated in this process is considerably higher 
} than the energy required for its initiation, is by no means sufficient to 
# conclude that this process, once initiated, will develop spontaneously 
} into a chain reaction. The fast neutron formed in the dd-reaction will 
j have to hit another deuteron under a specially favorable angle to trans- 
| mit to the latter enough energy to allow it to undergo, in its turn, a 
§ dd-reaction by collision with still another deuteron, thus continuing the 
¢ chain. Considering the low probability of nuclear hits, it is obvious that 
} a sequence of two favorable hits will be very unlikely. Therefore, at all 
} temperatures of less than several million degrees, a reaction of the con- 
) sidered type will practically never repeat itself in a chain. In other words, 
@ no dd-chain reaction is possible under presently known conditions, and 
| this is good because otherwise our earth would probably long ago have 
# vanished in a cloud of incandescent dust, to appear as a new star in 
the sky. 

) The dd-reaction will thus never develop on a large scale as the conse- 
§ quence of a single initial process, as is the case in the fission of U-235 or 
} plutonium. However, if heavy water is placed in direct contact with 
+ detonating plutonium, what will occur, is not a single elementary reac- 
§ tion, but a simultaneous impact on deuterium atoms of billions of high- 
t energy fission products, creating such enormous temperatures that a 
* considerable fraction of deuterons will acquire the energy sufficient to 
} undergo a dd-reaction. The occurrence of a large number of these sec- 
ondary reactions will cause a further increase in temperature, and it is 
‘not altogether impossible, that a chain reaction will maintain itself 
} through a purely thermal mechanism despite the enormously high tem- 
perature required. Under the pressures and temperatures existing in the 
j interior of stars, thermal nuclear reactions are actually known to occur. 
‘It is, however, open to grave doubts whether, by the use of an amount of 
| tamper material which will keep the bomb within reasonable dimen- 
‘sions, the plutonium-deuteron bomb could be prevented from flying 
} apart much too fast to maintain the temperature required for the con- 
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tinuation of the thermal chain reaction. For this reason, the possibility of 
producing chain reactions of light elements is still open to grave 
question. 

Another substance which perhaps could be brought to chain reaction 
by the detonating action of an atomic bomb, is a mixture containing 
lithium and hydrogen, for example, the compound lithium hydride. 
At a temperature of several million degrees, the lithium nuclei (mass 7, 
atomic number 3) can react with hydrogen nuclei (mass 1, atomic num- 
ber 1) forming two nuclei of ordinary helium (mass 4, atomic number 
2). The impact of a high energy proton on a lithium nucleus will pro- 
duce an intermediate nucleus of mass 8 and charge 4, which will fission 
into two alpha particles (helium nuclei) of very high energy. American 
measurements have shown that here, too, the initiation of the nuclear 
reaction is possible with energies of less than 1/10 mega electron-volt, 
while the energy liberated in the reaction has the remarkably high value, 
for such light nuclei, of 17.3 million electron volts! ... 

One kilogram of lithium and hydrogen will produce almost three 
times as much energy as an equal mass of U-235! Remember that lithium 
is not a rare element, and that one could easily obtain as many tons of it, 
for use in a super-bomb, as are now available kilograms of plutonium 
for use in “ordinary” atomic bombs! The total energy of available nu- 
clear explosives could thus be increased several thousand times compared 
to the energy that now can be stored in the form of plutonium and U-235 
alone. God protect the country over which a six-ton bomb of lithium 
hydride will ever explode! 

If this idea is at all capable of realization, it is obvious that a uranium 
235, or a plutonium bomb of the present type will have to serve as a 
detonator in the new super-bomb. In contrast to the conventional 
detonator used to explode shells, this detonator cannot be made as small 
as may be desirable, because it has to fulfil the critical size condition 
required for the development of a fission chain reaction. Thus, if the rare 
materials, U-235 or plutonium are used successfully as detonating caps 
for super-bombs, it would not be possible to make thousands of such 
bombs from a single kilogram of fissionable materials. The “progress” 
achieved by the realization of the super-bomb (if you can call it progress) 
will therefore consist in considerable increase in the power of each single 
atomic bomb, not in a substantial increase of their number. 


